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MS is a chronic pro-inflammatory demyelinating disease of the central nervous system (CNS) that causes neurodegeneration. Its cause is uncertain, however, research suggests that MS is the result of a complex interplay between the immune system, environmental and genetic factors [4] [5] [6] . Despite more than 40 years of research, the lack of understanding and integration of key elements linked to MS, such as Epstein-Barr virus, Vitamin D, smoking, as well as genes associated with MS (i.e.. HLA-DRB 1 ), keeps its aetiology unknown [7] [8] [9] [10] .
Recent studies have focused on the identification of promising therapeutics, typically through 'hypothesis driven approaches. Haile and collaborators carried out a study regarding Rab32 role in MS, due to its regulatory activity over the mitochondria-associated membrane (MAM) and its relation with neuronal death. Their data showed in MS brain that endoplasmic reticulum stress induces Rab32, giving an insight of its role in MS pathology 11 . Another study focused on CD6, a protein previously linked with MS with an unknown function, and lack of in vivo studies with genetically engineered animals. Li et al. developed CD6 knockout mice to investigate the potential mechanisms in which CD6 is involved in MS. Additionally, by creating CD6 humanized-mice they evaluate CD6-targeted reagents and tried to better understand its role 12 . Furthermore, Faissner et al. developed a systematic drug screening based on their previous studies about microglia inhibition, previously described as a pathological feature in all types of MS. In this study, they focused on other features known to be relevant in progressive-MS, such as disturbance of iron-mediated neurotoxicity, mitochondrial integrity and free radical scavenger. They investigated medications through cultures and experimentation in experimental autoimmune encephalomyelitis (EAE) models and found that several reduced T-lymphocytes proliferation and anti-oxidative potential 13 . The focus of these studies is based on what is previously known, therefore, they could benefit from an integrative approach by determining pathways affected and possible targets to investigate, leading to a more complete research and possibly more questions answered.
By following an integrative approach in the study titled "Integrative analysis of Multiple Sclerosis using a systems biology approach" we were able to pinpoint significant molecules and deregulated pathways that can give an insight of the underlying molecular mechanisms of MS. This study reports significant molecules present in peripheral blood of MS patients that can be considered as potential biomarkers by further and traditional validation.
Genomic large-scale datasets from previous MS studies were used to follow this approach. These datasets were correlated, and significant molecules and pathways for MS were determined. Several comparisons were made, depending on the characteristics of the samples from each study, and the comparisons were divided into groups since they were made between MS non-treaded and Non-MS, as well as MS treated and MS Non-treated patients. These groups were analysed and the most significant (p-value <0.05 and log 2 fold-changes >1 and <-1) and frequent molecules were determined. However, since the results from the Non-treated group were not significantly associated with gene ontologies nor pathways from the software used (ClueGo, Pathvisio), the pathways were a result of these molecules merged with the ones from the Treated group 14, 15 . Having a bigger sample size, the Treated group represent most of the pathways highlighted through this study, which is one of its main weaknesses since they can be correlated with a response to MS treatment. However, this flaw was cleared when comparing our MS significant molecules with the ones also determined in this study from autoimmune disease datasets (SLE, RA, etc.). A complete overlap of the significant molecules between MS Treated and Autoimmune disease dataset groups were found, possibly meaning that these significant molecules can relate to a generic response in MS since it is unlikely and in some ways contradictory that MS pharmacological treatments result in a molecular phenotype mimicking autoimmune diseases 16, 17 . These results could be interpreted as an MS generic response 'hidden' by a specific one obtained through the analysis of the Nontreated group.
Additionally, by comparing the statistically significant pattern of molecules found by these analyses, to EBVinfection peripheral blood datasets, no substantial correlation with MS was shown. The results obtained, represent indeed a specific molecular pattern to MS pathophysiology, where EBV can be a contributor but not the sole responsible of the molecular changes seen in MS patients' peripheral blood as previously established 18 .
One should bear in mind that besides a commonly followed approach to unravel MS aetiology, where a question is stated based on previous research and a hypothesis to be tested, a data-driven approach is based on the significance of the data, providing an insight of what is actually happening and of importance in a determined scenario [19] [20] [21] . This unbiased approach and analyses of a huge amount of data led to the rise of a new hypothesis that can be explored to better explain a disease 22 . Both approaches have its qualities, however, some can prefer the hypothesis-driven one due to its certainty about the molecules and pathways they're focusing on. However, besides the many innovative omics-technologies that exist nowadays to develop this kind of approach, no considerable useful outputs have been established regarding MS aetiology. Furthermore, not all data-driven approaches result in significant correlations and hypotheses. GWAS and meta-analysis are examples in which a huge amount of data is handled and analysed resulting in significant molecules, but a lack of an in-depth data analysis and understanding of their correlation with the disease persists [23] [24] [25] .
The impact and clarity of results derived from a data driven-approach can sometimes be diminished due to its dependence on high-quality research, heterogeneity of the sample, sample size, as well reliable functional annotations, and the considerations taken when analyses are performed 14, 20, 26 . In this data-driven study this disadvantage was tackled by using the well curated PADB database (www.PADB.org). PADB database guarantees the use of appropriate curated resources by providing great coverage and record of different identifiers for each molecule from different databases and transcriptomic data platforms (Ensembl, UniProt, Affymetrix, Illumina, Agilent, etc.).
Despite the uncertainty that some researchers can establish about following data-driven approaches due to the functional annotations dependence and possibly misleading results, the methodology followed in this study reported molecules that have been previously studied and found to be involved in MS through other approaches [27] [28] [29] . Besides the new insights found regarding pathways and possible molecules that can be involved in MS, these findings backup the methodology and approach itself, supporting its implementation.
Research groups can benefit from this approach directly by relying on the statistical significance of their data. Moreover, once the data of interest is established, research groups with a significant amount of patients or samples at their disposition could follow a wet lab approach, obtaining reliable results and integrating data at different molecular levels, generating a better understanding of the disease or condition of interest.
A potential flaw of this study is its main focus on the analyses and integration of only transcriptomic and miRNA databases. The further integration of large-scale multi-omics datasets in the context of disease allows: an unbiased description of the disease as a whole, generation of novel hypotheses, and identification of potentially druggable targets. Therefore, in order to support, give more strength and complement the analyses done in this study, we propose these potential follow-ups. In this study, only peripheral blood samples were included, therefore a large-scale multi-omics analysis is suggested. Analysing multi-tissue and body-accessible fluid sources could give further confirmation that the molecules found in PBMC represent CNS events. These further studies would help define tissue-specific MS human molecular targets and fill gaps that could not be uncovered solely by this study due to the heterogeneity of the samples and other influencing factors. Also, by determining levels of specific molecular markers identified through this robust analysis, triggers of the different stages of MS can be determined, or elements that make the different stages of MS different from another over an established timeline.
Additionally, though MS doesn't quiet reflect the features to be classified as an autoimmune disorder, several articles suggest it is [30] [31] [32] [33] . Furthermore, the MS autoimmune hallmark was "unmasked" by a treatment regime following this study approach. However, even though it was possible to identify some consistent molecules among studies that were previously associated with autoimmune aetiology and also new ones, as well as the identification of potential pathways associated with the disease, it is evident that other important molecules and elements exist in MS aetiology that could not be uncovered by this study due to heterogeneity and other influencing factors.
Therefore, in order to determine MS triggers of attack episodes and latent phases characteristic of autoimmune disorders, an MS treatment regime could be used to pursue future approaches. A longitudinal approach could be proposed, where MS patients are followed from the beginning of their treatments and at determined time points and compared with untreated MS patients as a control group to show the viral load, and give the "unmasking" feature this study showed. Levels of specific molecular markers, or even a whole screening at different levels (DNA, mRNA, protein) could be determined at different phases of the disease, in non-invasive samples (blood), and help us find an autoimmune baseline explanation for MS.
Furthermore, the creation of a Multiple Sclerosis (MuScle) database, part of the Pan-Omics Analysis Database (PADB) initiative, gives a significant impact directly associated with the data management done in this study, generating a complete curated and reliable MS database, giving the possibility of replication of this analysis and its usage in future MS research projects.
